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Abstract 

Background: Estimates of asthma incidence and its possible determinants in adolescent populations have rarely 
been obtained using prospective designs. We sought to identify socio-demographic and other patterns in the 
incidence of asthma among Canadian adolescents and to examine possible behavioural and environmental 
determinants of asthma incidence using longitudinal analyses. 

Methods: We used data from the National Population Health Survey (NPHS), a nationally representative 
longitudinal survey of Canadians. All persons aged 12-18 years without asthma at baseline were followed up to a 
maximum of 12 years. The outcome was a reported diagnosis of asthma during the follow-up period. Analyses were 
weighted to the population and bootstrapping procedures were used to estimate variances. 

Results: Participants (n =956) represented 2,038,890 adolescents of whom 293,450 (14.4%) developed asthma 
over the 21,274,890 person-years of follow-up. Overall, the incidence of asthma was 10.2 per 1000 person-years. 
In adjusted Cox regression analysis, being female (HR =2.13, 95% CI = 1.26-3.62, p =0.005) and being exposed to 
passive smoking (HR = 2.06, 95% CI = 1 .27-3.34, p = 0.003) were associated with the development of asthma while 
no statistically significant associations were identified for rural residence, being overweight, and other health 
behaviours. There was also an apparent cohort effect among girls where girls who were older at baseline reported 
being diagnosed with asthma more over the follow-up than their younger counterparts. This was not observed 
among males. 

Conclusions: Asthma prevention initiatives for adolescents should target girls and focus on smoking exposures. 
The role that differential diagnostic patterns play in these observations should be investigated to more accurately 
assess the incidence of asthma. 
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Background 

Asthma imposes a large burden on the individual and on 
health care systems. [1] Currently, asthma prevalence is 
approximately 10% globally [2] and 13% within Canada [3] 
with some Canadian centers reaching a 19% childhood 
asthma prevalence [4]. Unexplained temporal [5-7] and 
geographic variations [2,8] in asthma prevalence have also 
been reported with asthma prevalence increasing over 
the past few decades and higher asthma prevalence in 
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Westernized nations. Asthma prevalence is substantially 
higher in children than in adults [9] and varies by sex 
where in children it is higher among boys, although this 
reverses around puberty [5,9]. While asthma and wheeze 
phenotypes [10] and the natural history of disease with 
identification of environmental risk factors [11-15] has 
been frequently studied in younger children, adolescents 
remain a largely understudied population with regard to 
asthma and its potential determinants. Given the differ- 
ence in disease timing, there are likely different underlying 
etiologies in the adolescent developmental period com- 
pared to earlier development. 
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In order to better understand the patterns of asthma 
frequency and etiology of the disease, longitudinal studies 
with a focus on asthma incidence as opposed to preva- 
lence are preferred. There is a dearth of prospective stud- 
ies investigating asthma, especially in adolescents. There 
has been variable reports of asthma incidence among ado- 
lescents ranging from 5.2 per 1000 person-years [16] to 
24.6 per 1000 person-years [17]. Several potential explana- 
tions are of interest including differences in diagnostic 
practices, engagement in health risk behaviours, and as- 
pects of the environment. More specifically, better under- 
standing the sex differences in asthma during adolescence 
in light of the apparent "gender switch" that occurs at this 
time through the use of longitudinal designs and investi- 
gation of environmental effects on the development of 
asthma would help explain recent trends and lead to pro- 
grams that may prevent asthma development. 

As outlined, there are gaps in the literature regarding 
the etiology of asthma in adolescent populations result- 
ing from a lack of longitudinal research. To help address 
these gaps, our objectives were to: (1) describe the inci- 
dence of asthma within a national sample of Canadian 
adolescents and (2) identify determinants of asthma inci- 
dence among Canadian adolescents with a focus on sex, 
location of residence, health behaviours, and overweight. 

Methods 

Data source, study design and study population 

Data for this study were obtained from the National Popu- 
lation Health Survey (NPHS), [18] a longitudinal health 
research survey conducted nationally by Statistics Canada. 
Sampling is designed to be representative of households 
across the country. Exclusions were people living on 
Crown lands, residents of Indian reserves, residents of 
health institutions, full time members of the Canadian 
Forces Bases, and some remote areas in Ontario and 
Quebec. Subjects were selected through a stratified, 
two-stage sampling design (clusters, then dwellings). At 
the baseline survey in 1994/1995 (Cycle 1), an inter- 
viewer administered the questionnaire to one house- 
hold member, 12 years or older who was chosen to be 
the longitudinal respondent. This person was selected 
at random from those persons 12 years and older living 
in the household. The respondent provided all personal 
information at each cycle although proxy reporting was 
allowed for reasons of illness or incapacity. This house- 
hold member was re-contacted every two years up to 
12 years of follow-up (Cycle 7). 

At baseline, 17,276 individuals were included as part 
of the longitudinal panel (participation rate = 83.6%) 
[18]. The follow-up rate was 92.8% at two years of 
follow-up and 77.0% at 12 years of follow-up [18]. For 
the current analysis, participants were 12-18 years 
of age at baseline. Only those participants without a 



previous diagnosis of asthma and who had complete in- 
formation on the variables of interest were included. 
Ethical approval for data collection was completed by 
Statistics Canada (Government of Canada). When Statistics 
Canada sets up a survey, the impact of the survey on re- 
sponders is taken into account. Researchers working on 
the project sign an oath of office by which they swear they 
will faithfully and honestiy fulfil their duties as an employee 
of Statistics Canada in conformity with the requirements 
of the Statistics act to preserve data confidentiality. Our ac- 
cess to this data was only through approved Research Data 
Centers following a rigorous screening process and ap- 
proval of the proposed research in order to use this de- 
identified data. 

Operational definitions 
Asthma 

The presence of asthma was based on "Has [NAME] 
ever had asthma that has been diagnosed by a health 
professional?" If there was a positive response to this 
question at baseline the person was excluded. All subse- 
quent positive responses to this question during follow- 
up indicated an incident asthma case. As there is no 
gold standard in the diagnosis of asthma, questionnaire 
report of a doctor's diagnosis of asthma is very fre- 
quently used in epidemiological studies. This method 
has reasonable levels of agreement with other methods 
of assessment and has been considered the method of 
choice for large epidemiologic studies [19]. 

Socio-demographic variables 

Age, sex, and income status were considered. Age was clas- 
sified into three groups based on baseline age (12-13 years, 
14-15 years, and 16-18 years). Participants were also clas- 
sified by cohort, determined by year of birth (1981-1982; 
1979-1980; or 1976-1978). Income at baseline was 
assessed based on a variable derived by Statistics Canada 
using the total income before taxes and deductions of all 
household members from all sources in the past 12 months 
as well as the number of persons living in the household. It 
was categorized as high, middle, and low. 

Location of residence 

Geographic status of residence at baseline was classified as 
urban vs. rural. Areas with a population of less than 1000 
people or with a population density of <400 people/km 
were considered rural. This is a commonly used indicator 
for rural based on Canadian Census Rural Areas which ac- 
counts for population size and density [20]. It has been 
used in previous asthma studies [21]. 

Overweight 

Height and weight were self-reported at baseline. From 
this, baseline BMI was calculated (kg/m 2 ) and classified 
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into normal or overweight (including obese) using cri- 
teria recommended by the International Obesity Task 
Force [22] which classify overweight in adolescents using 
age-sex-specific BMI cut-points that correspond to a 
BMI of 25 at entry into adulthood. 

Smoking exposures 

Exposure to passive smoking was assessed based on the 
question "Does anyone in this household smoke regu- 
larly inside the house?" A positive response indicated ex- 
posure to passive smoking. Personal smoking status was 
based on the questions "At the present time, do you 
smoke cigarettes daily, occasionally, or not at all?" In 
addition to this, a question was asked regarding past 
smoking. Personal smoking was then classified as never/ 
former and occasionally/daily in order to describe current 
smoking status (i.e. non-smoker vs. current smoker). 

Physical activity 

Baseline physical activity was based on the reported 
frequency and duration of different activities that the 
participant engaged in. Based on this information and 
the intensity of these activities, energy expenditure was 
calculated and participants were classified into active 
and inactive groups. Categorization was based on a cut- 
off of 6 kcal/kg/day which is considered "active" from 
guidelines for healthy growth and development of chil- 
dren [23,24]. 

Statistical analysis 

Statistical analyses were completed using Stata (Stata- 
Corp LP, College Station, TX, USA). Throughout all ana- 
lyses, population weights were applied. Bootstrapping 
methods were used to estimate the variability around 
the estimates. Overall and category specific incidence 
rates of asthma were determined. These patterns were 
further explored by sex and cohort of birth among those 
aged 12-17 years to maintain consistency of ages be- 
tween cycles of follow-up. In this analysis, asthma inci- 
dence for each sex-cohort combination was calculated 
using the outcome at each cycle of follow-up. 

Survival analyses were completed to examine associa- 
tions between the independent variables and time to 
asthma diagnosis. Cumulative hazard curves were esti- 
mated and plotted for each independent variable. Crude 
and adjusted Cox regression analyses were conducted. 
Adjusted analyses included each independent variable of 
interest (sex, age group, location of residence, over- 
weight status, personal smoking, passive smoking expos- 
ure, physical activity, and income). Associations were 
expressed as hazard ratios (HR) and 95% confidence in- 
tervals (CI). As part of our diagnostic testing, we tested 
the proportional hazards assumption for the Cox re- 
gression model used in our analysis. This assumption 



was met with the exception of personal smoking, which 
showed some evidence of a possible violation. However, 
important differences in interpretation were not observed. 



Results 

There were a total of 1,138 respondents aged 12-18 years 
at baseline. Of these, 132 had asthma at baseline and 
were excluded. After excluding those with missing data 
or who had no follow-up, 956 participants were in- 
cluded. This group represented 2,038,890 young people. 
All remaining analyses were based on the weighted sam- 
ple. Table 1 shows the distribution of the variables of 
interest and comparisons between those who were in- 
cluded and excluded from the analyses. Those included 

Table 1 Comparison of subjects who were included to 
those who were excluded due to missing data 



Included 
(n = 2,038,890) (n = 443,720) 

% % 



Excluded p- 
value* 



Sex 

Male 

Female 
Age group 

12-13 

14-15 

16-18 
Area of residence 

Urban 

Rural 

BMI 

Normal 

Overweight or obese 
Passive smoking exposure 

Absent 

Present 
Personal smoking 

Never/Former 

Occasionally/Daily 
Physical exercise 

Inactive 

Active 

Income 

High 

Middle 

Low 



50.0 
50.0 

27.3 
28.3 
44.4 

80.9 
19.1 

80.0 
20.0 

59.5 
40.5 

83.1 
16.9 

85.6 
14.4 + 

15.7 
66.8 
17.4 



53.3 
46.7 

31.9 
36.3 
31.8 + 

81.0 
19.0 

64.5 
35.5* 

63.5 
36.6 

87.1 
12.9 



0.51 



0.03 



0.97 



<0.001 



0.44 



0.29 



16.1 
58.4 
25.5 



0.27 



^Comparing those who were included to those who were excluded. 
+ No information was presented for the excluded population due to low 
cell counts. 
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were more likely to be in the oldest age group and less 
likely to be overweight. 

The overall incidence of asthma from the 21,274,890 
person-years of follow-up was 10.2 cases per 1000 
person-years. Table 2 presents the incidence rates by the 
independent variables of interest. Females had a higher 
asthma incidence than males (13.2 vs. 6.6 per 1000 
person-years). Those with passive smoking exposure 
were more likely to report a new diagnosis of asthma than 
those without (13.8 vs. 7.2 per 1000 person-years). While 
adolescents from rural areas were less likely to report a 
diagnosis of asthma than urban adolescents over the study 
period (6.4 vs. 10.7 per 1000 person-years), the differences 
were not statistically significant (p = 0.22). There were not 
significant differences in asthma incidence according to 
overweight (p = 0.40), personal smoking (p = 0.89), and 
physically active (p = 0.74) status. 



Figure 1 displays the cumulative hazard curves for 
asthma incidence by the independent variables of inter- 
est. Both crude and adjusted results from Cox regression 
analyses (Table 2) confirm the descriptive results. After 
adjustment for potential confounders, there was over a 
twofold increase in having a diagnosis of asthma among 
females compared to males (HR =2.13, 95% CI = 1.26- 
3.62), and a similar increase among those with passive 
smoking exposure compared to those without passive 
smoking exposure (HR = 2.06, 95% CI = 1.27-3.34). 
There was suggestion that rural residence was protect- 
ive for asthma compared to urban residence, however, 
this effect estimate did not reach statistical significance 
(HR = 0.58, 95% CI = 0.25-1.35). 

We plotted the incidence of asthma based on the out- 
come at each cycle of follow-up and age at that cycle 
after stratifying by sex and birth cohort (Figure 2). For 



Table 2 Asthma incidence and results from Cox regression analysis by baseline socio-demographic and health behavior 
characteristics 

Person-years of Number of Incidence per 1000 Crude HR (95% CI) Adjusted HR* (95% CI) 
follow-up asthma cases person-years (95% CI) 

Sex 

Male 10,766,510 70,770 6.6 (4.5-9.8) 1.00 1.00 

Female 10,508,380 138,290 13.2 (9.7-18.2) 1 .99 (1 .23-3.23) + 2.13 (1.26-3.62) 
Age group 

12-13 6,007,840 53,130 8.8 (5.6-14.7) 1.00 1.00 

14-15 6,044,580 56,290 9.3 (6.0-15.1) 1.03(0.53-2.00) 1.09 (0.55-2.16) 

16-18 9,222,480 99,640 10.8 (7.6-15.8) 1.18 (0.65-2.16) 1.16 (0.63-2.16) 
Area of residence 

Urban 17,056,720 182,260 10.7 (8.3-14.0) 1.00 1.00 

Rural 4,218,170 26,810 6.4 (3.4-13.2) 0.61(0.27-1.35) 0.58 (0.25-1.35) 

ncome 

High 3,363,690 37,290 11.1 (6.4-20.9) 1.00 1.00 

Middle 14,358,250 123,840 8.6 (6.5-11.7) 0.78 (0.40-1.54) 0.72 (0.36-1.44) 

Low 3,552,950 47,940 13.5 (7.6-26.2) 1.19(0.53-2.69) 1.13 (0.48-2.66) 
BMI status 

Normal 16,839,660 174,930 10.4(8.0-13.7) 1.00 1.00 

Overweight or obese 4,435,230 34,130 7.7 (4.6-14.3) 0.76 (0.39-1.45) 0.73 (0.37-1.46) 
Passive smoking exposure 

Absent 12,860,340 93,130 7.2 (5.0-11.0) 1.00 1.00 

Present 8,414,550 115,930 13.8 (10.2-18.9) 1 .88 (1 .1 9-2.98) + 2.06 (1.27-3.34) 
Personal smoking 

Never/Former 17,730,630 75,530 9.9 (7.6-13.1) 1.00 1.00 

Occasionally/Daily 3,544,260 33,530 9.5 (5.4-17.7) 0.95(048-1.87) 0.67 (0.34-1.30) 
Physical exercise 

Inactive 18,263,280 175,820 9.6 (7.4-12.7) 1.00 1.00 

Active 3,011,620 33,250 11.0 (6.2-21.1) 1.13(0.55-2.35) 1.27 (0.57-2.83) 



* Adjusted for each variable in the 
tSignifies p<0.05. 



table. 
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SEX 



Females 



J 



J Males 

P=0.005 



i _ _ 



URBAN-RURAL STATUS 



J 



Urban 



Rural 
P=0.22 



INCOME STATUS 



j" 



High 

_ Low _j 
Medium 

P>0.48 



AGE GROUP 



Youngest 



Middle 
Oldest 



P=0.58 



PASSIVE SMOKING EXPOSURE 



Exposed 



Unexposed 
P=0.007 



10 n 



BM I STATUS 



Normal i 

i 




i 








_ - -f Overweight/obese 
P=0.40 





PERSONAL SMOKING STATUS 
Non-smoker 



-J- 



Smoker 



P=0.89 



PHYSICAL ACTIVITY 



Active 



Inactive 



P=0.74 



Figure 1 Cumulative hazard curves for each independent variable of interest. Solid line - The reference group (with the exception of 
urban-rural). Dashed line - Comparison group 1. Dotted line - Comparison group 2 (where appropriate). 



both males and females, asthma incidence decreased as 
age at follow-up increased. Among males, the incidence 
rates at a specific age of follow-up were fairly similar re- 
gardless of birth cohort. However, among females, there 
appeared to be a cohort effect with the oldest cohort hav- 
ing the highest incidence of asthma at each age of follow- 
up, followed by the middle aged cohort then the youngest 
cohort. Despite these differences, when we statistically 
tested the interaction between cohort group and sex, the 
results were not statistically significant (p >0.05). The in- 
cidence rates for a given age were similar between the 
youngest female cohort and their male counterparts. 



Discussion 

In this representative sample of Canadian adolescents, 
the incidence of asthma was higher among girls than 
boys. However, a cohort effect was observed among girls 
whereby those who were older at baseline had a higher 
incidence of asthma for a given age at follow-up com- 
pared to younger girls. Also, adolescents with passive 
smoking exposure were at increased risk for diagnosis of 
asthma compared to those without passive smoking ex- 
posure. Finally, there was not a statistically significant 
association between the incidence of asthma and loca- 
tion of residence, overweight status or physical activity 
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Figure 2 Asthma incidence at age of foilow-up by sex and year 

of birth for three cohorts. Diamond with solid line - 1981-1982 

(Youngest). Square with dashed line - 1979-1980 (Mid). Triangle 

with dotted line - 1977-1978 (Oldest). 
\ ) 

level, although some protection from a rural environ- 
ment was possible. 

The incidence of asthma among adolescents has been 
studied infrequently. Our incidence rates were higher 
than those seen in another Canadian study where the in- 
cidence among 10-14 year olds followed for 2 years was 
between 5.2 and 5.8 per 1000 person-years [16]. In a US 
study, asthma incidence in Grades 4, 7, and 10 students 
who were followed until high school graduation was 
24.6 per 1000 person-years [17]. Differences between in- 
cidence rates reported in these studies may reflect differ- 
ences in study design, sampling, asthma definitions, and 
length of follow-up. The Canadian study made use of ad- 
ministrative databases and used an asthma case defin- 
ition based on at least 2 asthma physician visits within 
2 years and/or at least 1 hospitalization [16]. While it 
looked at children and adults, the closest comparable 
age group with results that we could compare to was 
10-14 years which was generally younger than our 
group. Our youngest age group had a slightly higher 
asthma incidence rate (8.8 per 1000 person-years). In 
the US study, children were recruited from the 4th, 7th, 



and 10* grades with the majority of participants at base- 
line aged 7-9 years, then followed until high school 
graduation, which may have limited the length of follow- 
up in the older groups [17]. Also, the study was designed 
to investigate air pollution and included a relatively tar- 
geted population in order to maximize the variability of 
pollutant profiles, include demographic stability, likely 
parental cooperation, and appropriate linkages between 
elementary, middle, and secondary schools [25]. 

A recent study from Spain investigating asthma inci- 
dence in two cohorts (adolescents aged 11-16 years and 
adults ages 20-44 years) reported a higher incidence 
over 9 years in children compared to adults (15.69 cases 
per 1000 person-years vs. 4.76 cases per 1000 person- 
years, respectively) [26] . While our study did not consider 
adults at baseline, we found that the older adolescents had 
a higher overall incidence than the younger adolescents at 
baseline, somewhat contradicting the results of Pereira 
et al. In addition to this, our incidence rates overall were 
slightly lower than those reported previously. These differ- 
ences were likely due to the higher incidence in the earlier 
cohort of females given the observed cohort effect. Des- 
pite these differences, when considering incidence at a 
specific age of follow-up, in support of the results of 
Pereira et al., we found that as age increases, asthma inci- 
dence decreased. 

As expected based on studies of asthma prevalence, 
which show a sex reversal around puberty, we found 
that adolescent girls were more at risk for developing 
asthma than adolescent boys. Several reasons have been 
suggested for this sex reversal including hormonal 
changes around puberty [27] . We also identified a poten- 
tial cohort effect among females that was not apparent 
in males. Given the low likelihood that changes in bio- 
logical response or environmental exposure could occur 
so quickly, reporting and diagnostic labeling patterns are 
the most likely explanations. 

In a study of 12-15 year olds from Denmark, girls 
were at increased risk of underdiagnosed asthma com- 
pared to boys and most of these females did not present 
to a physician [28]. This study was completed in the 
early 1990s. Since this time, it has been shown that 
among adults, recent changes in asthma epidemiology 
may result from increased symptom awareness and will- 
ingness to report symptoms as well as an increased will- 
ingness of physicians to diagnosis asthma [29]. While 
there was an increase in the prevalence of asthma symp- 
toms and diagnosis between 1992/93 and 1998/9 there 
was a reduced risk of hyper-responsiveness on metha- 
choline challenge over this time period. Over these six 
years, which is the difference in time between our three 
age cohorts and less time than the follow-up period of 
our study, there was a significant increase in the percep- 
tion of bronchoconstriction [29]. It could also be that 
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the oldest cohort of females entering the cohort had 
asthma at the outset that was undiagnosed. This could 
result in a "catch-up" period with more new diagnoses 
in the older cohorts as females moved through adoles- 
cence into adulthood while girls in the youngest cohort 
would already have been diagnosed pre-adolescence. 

Another explanation is that recently there has been an 
increase in the recognition that different asthma pheno- 
types may play a role in the recent asthma patterns. Dif- 
ferences in presentation affect the diagnosis of asthma 
and this has been seen to result in differences in diag- 
nostic patterns between males and females with females 
presenting with patterns that are less recognizable as 
typical asthma patterns in youth such as nocturnal 
cough without wheeze while there were no differences 
in diagnostic patterns when the child was atopic, a more 
typical asthma characteristic among children [30]. This 
is in line with evidence in young adults showing that 
most cases of new asthma among women are non- 
allergic cases [31]. What is more compelling, is that re- 
cent evidence from adults living in Italy suggest that 
while asthma prevalence was stable through the 1990s, 
it again increased in the 2000's with most of this among 
those without allergic rhinitis (i.e. non-allergic) [32]. 
This, combined with further evidence from Italy, which 
shows that there has been increasing prevalence of aller- 
gic related conditions such as atopic eczema in children 
and adolescents with a slight increase in ever asthma 
prevalence in adolescents, [33] suggest that younger fe- 
males may be more likely to be diagnosed earlier due to 
allergic presentation, explaining the similar asthma inci- 
dence as males in the youngest cohort. Due to the more 
recent understanding that different phenotypes should 
be recognized as asthma, a non-allergic phenotype may 
account for the increased diagnosis in the older cohorts 
of our study, whom should have been diagnosed earlier. 

The aforementioned trends may not occur in boys due 
to earlier diagnosis of asthma as seen by a higher asthma 
prevalence among boys in childhood. However, some 
caution should be used in the interpretation of this re- 
sult given the lack of statistical significance in the testing 
of interaction between the cohort group and sex. Despite 
this, the fact that the observed trends occur consistently 
across age cohorts with a clear decrease in incidence in 
a dose-response fashion from the oldest to the youngest 
cohort among females and that there are very stable pat- 
terns among males suggest that this is likely a true epi- 
demiologic pattern as opposed to an artifact resulting 
from the design or methodology. 

We did not identify a statistically significant associ- 
ation between location of residence and the incidence of 
asthma, although the protective effects of rural dwellings 
were in the expected direction. It could be that the def- 
inition of rural we used was not specific enough, and 



that farming exposures, which were not measured in the 
NPHS, are more important than the general rural environ- 
ment. Alternatively, the protective effects of rural or farm- 
ing environments may result from early life exposures [34] 
and our assessment did not capture the appropriate win- 
dow of exposure or that the early protective effect of rural 
living becomes weaker in adolescence. In one longitudinal 
study of Canadian children aged 0-11 years at baseline, 
living in a farming environment was associated with less 
asthma but living in a rural-non-farming environment was 
not [35]. Finally, given that we observed the direction of 
the effect we expected to see, there could be uncontrolled 
confounding that remains poorly understood or other fac- 
tors that we did not consider that may mediate the mech- 
anism involved. 

Passive tobacco smoke exposure was associated with 
asthma incidence. This association is well-established and 
we confirm it in an adolescent population using a longitu- 
dinal design. We did not, however, identify a similar asso- 
ciation between personal smoking and asthma. It may be 
that adolescents who were predisposed to lung disease or 
who have had minor symptoms in the past but without a 
diagnosis of asthma avoided personal smoking. 

Results from recent cross-sectional studies of children 
have provided consistent evidence that there is an associ- 
ation between asthma and obesity [36-38]. However, it has 
been difficult to interpret the relationship in a causal sense 
given the lack of temporality inherent in cross-sectional 
studies. Assessment of the results from longitudinal stud- 
ies has had its own challenges due to heterogeneity in 
study completion including differences in outcome and 
exposure definitions, adjustment of potential confounders, 
and characteristics of study populations. We did not ob- 
serve an association between health behaviours or over- 
weight with asthma. 

There are several limitations that should be consid- 
ered. While the study was designed to be representative 
of the national population of adolescents and population 
weights were applied to all analyses, the analyses were 
based on a relatively small un-weighted sample. A small 
un-weighted sample size may not truthfully represent 
such a large sample. However, this weighted analysis was 
necessary given the sample selection procedures and ad- 
ministrative protocol. Several efforts were also made to 
ascertain data accuracy and account for it in the sam- 
pling weights [18]. 

The primary endpoint of interest was the report of inci- 
dent doctors diagnosed asthma. Despite the common and 
accepted use of questionnaire report in this ascertainment 
of outcome, it is possible that there is some misclassifica- 
tion. This seems unlikely due to the use of the question- 
naire given that sensitivity and specificity are high when 
comparing questionnaire report to blinded physician as- 
sessment [39], respiratory symptoms have been found to 
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be accurately reported by the adolescent and strongly 
agree with parental reports in terms of asthma diagnoses. 
[40], and there was a short recall period throughout the 
follow-up (maximum of 2 years). However, while the mis- 
classification of asthma because of the mode of data col- 
lection (interviewed questionnaire report) is unlikely there 
may still be misclassification of true asthma status. It may 
be that the participant did not seek medical attention and 
was therefore unable to receive an asthma diagnosis. It 
may also be that the physician labeled the participant with 
asthma when they did not have it as observed by Aaron 
et al. [41] who found that there may be substantial overdi- 
agnosis of asthma in Canadian adults. Both of these situa- 
tions may result in misclassification. 

The NPHS was designed to investigate a broad spectrum 
of health outcomes, limiting the information collected spe- 
cific to lung health and important to consider including 
atopy, puberty onset, or mold exposure. Despite this, we 
were able to examine socio-demographics, key environ- 
mental exposures (i.e. smoking and passive smoking), and 
location of dwelling. 

This study also has many strengths and practical im- 
plications. NPHS was designed in order to ensure a sam- 
ple that is representative of Canadian adolescents. This 
makes the study generalizable to the Canadian public 
and likely to other populations internationally. The 
NPHS participation rates were excellent at baseline and 
over the 12 years of follow-up, reducing the likelihood of 
biased associations due to selection processes and sug- 
gesting that statistical power is a more likely methodo- 
logical explanation of a lack of expected findings. This 
also speaks to the prolonged investment of time and 
commitment by the Statistics Canada study personnel, 
study participants, and study community with an inter- 
est in public health. We have conducted one of only a 
few analyses that investigated patterns of incidence and 
risk factors for asthma among adolescents. Based on our 
results, we suggest that programs should continue to be 
implemented promoting the banning of cigarette smok- 
ing in public places. Research into the sex differences, 
whether they are biological or behavioural (i.e., diagnos- 
tic patterns, patterns of disease presentation, etc.) is of 
utmost importance to ensure adequate management of 
asthma in all groups. There should be continued focus 
on the study of the associations between asthma and 
obesity and location of residence as well as other health 
behaviours. 

Conclusions 

In conclusion, among a population of Canadian adoles- 
cents we found that the incidence of asthma differed by 
sex and that there may be a cohort effect among girls. 
This likely represents differences in diagnostic patterns 
which should be investigated to see if this phenomenon 



has implications on management and morbidity out- 
comes. We also conclude that adolescents exposed to 
passive smoking exposure are at increased risk of devel- 
oping asthma and smoking avoidance should be prac- 
ticed. Finally, we did not find hypothesized associations 
between asthma and rural dwelling or health behaviours. 
This likely indicates a need for further research into po- 
tential interactions or into the underlying causal expo- 
sures such as farming, or timing of exposures. 
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